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Amendmen t to claims: 
1-65 (canceled 

66 (currently amended); A system for operating a spiral wound memhran© elemeaot 
tl^t includes back-flushing, which system comprises: 

a feed tanik holding ^ volucne of feed solution; 

a spiral wound jncxiihrane element having a permeate carrier sh&e^ a feed 
spacer sheet, and a membrane fiJter l^rer sheets which element is aligned generally vertically 
within said feed tanlc, 

means confining said spiral wound membrane to a generally cylindrical 
configuration with said element being open to axial flow at both ends thereof 

a vacuum system in fhiid connection wifti said penneats earner sheet within 
said element for applying vacuuns thereto to cieate driving pressure needed to cause the feed 
solution in the feed spacer sheet of the elemient to flow through the membrane sheet and 
thereby create Uqnid permeate flow in the carrief sheet and flow of feed solution upward into 
said element; and 

means for periodii^ally applying pressurized bacik-fliish flaxid to said permeate 
carrier sheet to back-flush the element by ca?eating flow from within said permeate earner 
sheet throng said membrane sheet and into said feed spacer sheet 



67 (cmrently amended):; The system of claim 66 wherein said spiral woimd element is 
aligned vertically within said feed tank and wherein a bubbler is disposed vertically below 
said element for creating bubbles which rise and promote convective flow of feed solution 
into the lowea* end Qaouah fif the element and out of tije iqsper end, said bubbles acting as 
turbulence promoters at the sui&ce of the membrane filter layer sheet for reducing the 
boundary layer at the surfece o^ the membrane filter layer sheet. 

68 (previously presented): The system of claim 67 further comprising; 

an air pump foe conxpressing gas fbr ihe bubbler; 

apeamoeate accumulator connected to a permeate conduit in fhiid connection 
with said p<»cmeate carrier shdet in said eletaCT.t^ and 
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a permeate diverter valve connected to an outilet from said accam\iIator» 
through wMch valve said vacuiim system is counccted. 

69 (previaasly presented): The systein of claim 68 wherein said badc-fhxfih fluid- 
applying means is designed to apply some permeate from $aid accumuiator under pressure to 
said elemoit. ' 



70 (currently amended): The system of claim 69 wherein a source of compressed 
air is piodac e d provided which is connected to said accumulator through said divearter valve 
to pressurize said permeate for batik-flush flow of p ermeate and air hack to said element. 

71 (previously presented):.' A method of operating a spiral wound membrane 
clement which includes periodic back-flushing, which method comprises: 

placing a spiral wound membrane element, having a feed spacer sheet, a 
membrane filter layer sheet and si permeate c^irrier sheet, generally vertically in a tank 
contaiiung an aqueous feed sohiaon» said element being confined to a generally cylindrical 
configuratioiL and being open to inflow at a lower end and open to outflow at an upper end 
thereof, 

creating a pressure dififetential between the permeate carrier sheet in said 
element and the feed solution within the tank so that water passes through the membrane 
sheet into the permeate carrier; ' 

introducing on a> periodic basis a pressurized back-flush fluid into the peixn^te 

carrier sheet of the element to cause reverse flow through said membrane sheet into said feed 
spacer sheet to dislodge feed solution solids being retained on the membrane filter layer 
sheet; and 

providing hubbies below the open lower end of the element which rise upward 
and flow through the element so as to create a convectiv© flow of the feed solution into the 
open lower end of the element and out the open upper end and to promote turbulence at a 
surface of the membrane Alter layer sheet to reduce a boundary layer at the surface of the 
membrane filter layer sheet, slaid bubbliQg rising flow causing feed solution within the 
element and permeate flowing in reverse through the membrane sheet to exit from the open 
upper eiid and carry with it dislodged solids. 
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72 (previously presented).* TPae method of claim 7 1 wherein said pressure 
differential is provided by applying yacuum to fee penneaie carrier sheet, whicJi method 
fttrtiber con^Kdses: 

accumuMxig some of the aqueous petiocate in a p&rosate accunmlator 
tiluoughivhich said vacuum is being applied; and 

periodically pressurizing penneate in the permeate accumulator and causing it 
to flow back into the elemejit and in reverse flow through the membrane sheet to back-flush 
tile &ed sohition solids firom the siictace of tbe membrane filter layer sheet. 

73 ^previously presented): I The method of claim 72 wbcrein gas pressure is applied 
to the permeate in the accumulator to provide the back-ftush pressure and wherein, following 
back-£tashing by the p^meate in ifae accumulator, gas pressuxe alone is used to further back- 
fiush the element. 

74- S3 (canceled) 

84 (new): The system of elaim 66 wberein a bubbler is disposed vertically below the 
lower end of said element for creating bubbles which rise and promote convective flow of 
jfeed solution into the clement and out of the upper ead^ to promote turbulence at the surfece 
of 1^ membrane filter layer sheet and red3u;e the boundary layer. 

85 (new): The system of olahn 66 vt^reiQ said feed tank is filled with a volmne of 
feed solution such that said eleitient is con^letely submerged in said feed solution. 

86 (new): The system of claim 67 wherein a permeate conduit is in fluid connection 
with said permeate carrier she^ in said element and exits throui^ the open top of said tank. 

87 (new): The mediod of claim 71 whearein the pressure of tibe back-flusli fluid applied 
to the element is 'between aboiit 5 and 100 psi. 

88 (new): The method] of claim 87 wherein the pressure of the back-flush fluid applied 
to the edement is betwe^ about 20 and 60 psi. 
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89 (new): Hie methiod of claiiu 71 whereia said back-flush flvdd includes gas and tlie 
pressure on the back'£Mi gas Is coxttroUed by a gas regulator so that the back-fl\ish pressure 
is greater than the feed pressure on fee dement by between about 10 and 30 psi. 

90 (new): The method of claim 71 wherein the back-flush ftaid cofmprises cleamng 
solution in addition to ptameate. 

91 (new): Tho inethod of cl^um 71 wherein the badk-flushfhiid comprises pcimeate 
followed by comfvessed air. 

92 (new): The method of olaim 71 wherein said aqueous feed solutiDn has a turbidity 

of at least about 50 NTU. 

93 (new): The method of ^^laim 92 wherein said element is completely submerged in 
said feed sohition. 

94 (new): A system for cjperating a spiral wound menabarame element that includes ihe 
step of periodically back-flTjshio^, which system comprises: 

a feed tank holding a volume of feed solution; 

a spiral wonnd miembrane element having a permeate carrier sheet, a feed 
spacer sheets and a miembrane fiiter layer sheet, which element is alined generally vertically 
within said feed tank, 

means confining said spiral wound membrane to a generally cylindrical 
configiMutLOtt with said element being open to axial flow at both ends thereof; 

means for creating a vacuum in said permeate cairier sheet within said element 
to create driving pressure across said membrane sheet that results in penneate flow into said 
penneate carrier sheet and Qoyr of feed solution upward into said element in said feed spacer 
sheet; and 

means for periodically ^>plying pressurized back-fhusih fluid to said permeate 

carrier sheet to back-fhjsh thei element by creating fluid flow j&om said permeate caiast sheet 
through said membrane sheet|and into said feed spacer sheet 



12/15/03 14:54 FAx' 8555520005 



©007 



U.S. Ser. No, 10/Q1S,923 
Page 6 ; 

95 (nefw): Tb& sysitem of clafm 94 -wherein a bubbler is di^osed vertically bedow said 
element for creating bubbles which rise and promote concvective flow of feed solution into tJie 
lower end, through the element andsout of the upper end, said bubbles acting as turbulence 
promoters at the surface of the merribraiLe filter layer sheet for reducing the boimdaty layer at 
the surface of the membrane filter ikyer sheet. 

96 (new): The meflwd of 4aim 94 wherein said aqueous feed solution has a turbidity 
of at least about 50 NTU. 

97 (new): The method of claiux 96 wherein said element is completely submerged in 
said feed solution. 

i 

98 (new): A system for operating a back-flusbable spiral wound membrane cross flow 
filtratiou elemeot comprising: 

a spiral wound membrane cross flow filtration element; 

means for supplymg feed solution to the filtration element which includes a 
feed pump for pumping and pressurizing the feed solution and a feed pipe through which the 
pidssurxzed feed solution flows to the element; 

said element inclfuding a pressure tube having a ^st outlet through which a 
first portion of the feed solution which permeates the membrane exits as permeate, and a 
second outlet where a portion the feed solution that does not pecmeate the membrane exits 
the eJ^uent as cosncentratc; 

a feed diverter valve for controlling flow m the feed pipe leading to the 
element to direct flow eitber to! an inlet to the element or to drain; 

a concentrate diveitor valve for controlling flaw of concentrate fixmi second 
outlet of the pressure tub^ 

means for supjjlying back flushing fluid to the first outlet of the membrane 
filtration elemfflit to create reverse flow throu^ the membrane; and 

means for adjusting the feed and concentrate diverter valves during back 
flushing to allow the back finish flmd to exit through the feed pipe and flow to drain, and for 
adjusting said concentrate diverter valve to halt the flow of concentrate out of the second 
outlet of the pressure tube. 
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99 (new): The system of cl^m 98 whafein the spiral wound cross flow filtration 

ekment is orient?^ vertically and \\ftierein the feed pipe enters the pressure tube at the bottom 
thereof so that solids removed dxaiiiz back flushing are assisted by gravity in exiting through 
the bottom inlet. 

I 
i 

J 00 (new): Th& system ofldaim 99 wherein said second outlet is at the top of the 
pressure tube and a condnit intercbnnects said diverter valves and wherein said adjusting 
means allows fluid to be deUverea tiarough said diverter valves into the second ontlet at the 
top to flow down throng the element during hack flushing. 



